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Approximately 37 m (120 ft) of core was studied with the objective of evaluating 
and documenting the development and loss of porosity in the dry Mobil McElroy-1 well 
(Lower Cretaceous Aptian – Albian Sligo Formation). Core slabs were described and thin 
section samples, taken every 1.5 m (5 ft), were stained and analyzed under standard 
petrographic, cathode luminescence, confocal and scanning electron microscopes. The 
main conclusion is that average porosity significantly reduced with depth. Carbon and 
oxygen isotope values obtained for 20 samples show that the main pore-occluding 
diagenetic environment was meteoric with most samples having relatively low delta18O  
(-3.1‰ to -6.7‰ V- PDB) values. Early through late stage medium (1 mm – 3 mm) to 
large (> 3 mm) calcite and non-ferroan dolomite jointly contributed to more than 10% of 
primary porosity loss. This study significantly contributes to the understanding of the 
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The Sligo Formation (Lower Cretaceous Aptian – Albian) and equivalent 
formations are part of thick carbonate and terrigenous sediments that accumulated around 
the Gulf of Mexico in the early Cretaceous (Bebout and Loucks, 1983). Studies of the 
Sligo Formation suggest that it has been long considered to have good potential for 
hydrocarbon exploration (Cook 1979) and that the Sligo Formation is considered a 
promising objective formation in South Texas (Bruce 1962, Fritz et al. 2000). Figure 1.1 
shows the location of the McElroy-1 well in Webb County, onshore South Texas. This 
study makes use of approximately 120 ft (37 m) of core from two sections of the dry 
Mobil McElroy-1 wildcat well (14,940 ft – 15, 015 ft and 16,950 ft – 17,005 ft). The 
subject of this study is to document the porosity of the Sligo Formation and the pre-, syn- 
and post-depositional processes that resulted in the evolution and occlusion of that 
porosity in the Sligo Formation.  
Core descriptions reveal that fracture cementation and pressure-solution include 
post-depositional processes that negatively impact porosity in the McElroy-1 well. Pore-
occluding minerals observed in this study to modify porosity throughout diagenesis in the 
McElroy-1 well include fine quartz and calcite, replacement dolomites, and Mississippi 





Figure 1.1 Location of the Mobil McElroy-1 well in Webb County, South Texas. 
Note: Black dot shows the location of McElroy-1 well. 
The objective of this study is to test the hypothesis that: 
1) Cementation is the main diagenetic porosity modification event, with late stage 
cementation being responsible for occlusion. 
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2) Faults and large fractures served as conduits for reservoir fluids prior to 
cementation in the McElroy-1 core. 
In this study, standard research petrographic microscopes were used to describe 
the core and petrographically examine thin sections. A CL- 4 Luminoscope was 
employed to study stages of cementation of observed carbonate cements in the Sligo 
Formation. X-ray Diffraction (XRD) was used to confirm calcite or dolomite mineralogy 
of some of the extracted carbonate cements. SEM helped to identify, confirm and capture 
the microstructure of cements, relict organic matter, and fine MVT pore-occluding 
sulphides. Stable isotope analyses were used to characterize carbonate cements and 
identify possible sources of cement-precipitating fluids. 
This study will enrich the understanding of the Sligo Formation gas play, thus 
improving chances of better production, which will serve huge potential markets in South 
Texas. The study will also contribute to the body of knowledge on porosity evolving and 
occluding processes in carbonate reservoirs. Furthermore, knowledge of the primary 
porosity evolving and occluding processes in the Lower Cretaceous Sligo Formation will 
not only be valuable to future hydrocarbon exploration in the Sligo and other carbonate 
reservoirs, but will also be potentially applicable to other Mesozoic buildups worldwide. 
1.2 Background 
The Sligo Formation was first described from the Sligo Field in northwest 
Louisiana (Imlay 1940). The Hosston and Sligo Formations were believed to be 
sediments of Neocomian and Lower Aptian age respectively, and originally believed to 
extend from the eastern to the southern part of Texas (Imlay 1945). The first detailed 
facies type study and data on depositional environment of the Hosston and Sligo 
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Formation, central Texas was presented by Amsbury (1974). In the study, the Lower 
Trinity Group was divided into three units: Upper and Lower Sligo Formations, and the 
lowest unit being the Hosston Formation in the subsurface (Amsbury 1974). 
The Sligo-Hosston depositional wedge was described as occurring over an area 
covering thousands of square miles in South of Texas and thickening from its pinch out 
up-dip to a thickness of more than 984 ft (300 m) down dip at the shelf edge (Bebout 
1977). A sizeable part of the Hosston Formation was interpreted to have been deposited 
in arid tidal-flat environment, with the lower Sligo Formation representing a low energy, 
restricted environment, and the upper Sligo Formation representing a more diverse high 
energy and open shelf environment (Bebout 1977). Cuttings and cores from 50 wells in 
18 south Texas counties were used to define and consequently group 30 facies types of 
the Sligo-Hosston wedge into six major depositional environments namely: oolite shoal 
complex, alluvial plain, tidal flat, inner shelf, outer shelf lagoon, and shelf margin 
(Bebout et al. 1981). Thin sections from five wells and sample cuttings from four other 
wells were used to construct a depositional model for the Sligo Formation shelf edge 
sediments and divided the Sligo shelf margin sediments into three major facies: reef 
facies dominated by caprinids, solenoporid algae, and corals; back reef facies, which 
consist of extensive back reef deposits interfingered with shallow lagoon sediments; and 
lagoonal facies (Kirkland et al. 1987). Petrographic and stable isotope analyses used to 
study the reefal facies of the Lower Cretaceous Sligo and Cupido Formations 
(Moldovanyi and Lohmann, 1984) favored the conclusion that the McElroy interval 
studied experienced multiple stages of phreatic equant calcite cementation and contain a 
major component of micrite occluding intergranular porosity. High-resolution 2-D and 3-
D seismic data, were integrated with lithologic and biostratigraphic data to examine the 
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exploration potential of the Edwards and Sligo Formations, and other carbonate 
reservoirs of onshore Texas. These studies favored the conclusion that the Sligo 
Formation and other Lower Cretaceous objectives in South Texas remain viable and 
underexplored targets for future exploration (Fritz et al. 2000). 
1.3 Geologic Setting 
Series of tectonic events began in the Late Triassic with the breakup of the 
supercontinent of Pangea in the area that is today the southern margin of the North 
American plate. These events continued through the Early Late Jurassic with the 
southward drift of the Yucatan block, and eventually resulted in the development of the 
Gulf of Mexico basin. The Gulf of Mexico basin, surrounded by the Appalachian and 
Ouchita uplands in the north, the Llano and Marathon uplifts to the northwest, and the 
Chiapas massif and Maya Mountains to the south, was a key site for marine and 
continental deposition throughout most of the Early Cretaceous when marine connections 
to the Atlantic and Pacific Oceans existed to the southeast and west respectively 
(McFarlan and Menes 1991). The Sligo Formation is part of Lower Cretaceous marine 
sediments that accumulated around the Gulf of Mexico. Figure 1.2 shows the idealized 
distribution of geologic features around the Gulf of Mexico basin in Early Cretaceous 
times. 
The three chronostratigraphic Lower Cretaceous units recognized in the Gulf of 
Mexico basin in reference to the global stratigraphic scale are, from oldest to youngest: 
(1) Berriasian and Valanginian; (2) Hauterivian, Barremian, and Aptian; and (3) Albian 
and Lower Cenomanian (McFarlan and Menes 1991). The Sligo Formation is part of the 
Hauterivian-Barremian-Aptian-, the middle unit which is documented to record a 
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transgressive episode in its lower sections and progradation in its middle and upper 
sections (McFarlan and Menes 1991). Figure 1.3 shows the three chronostratigraphic 
units of the Lower Cretaceous and the position of the Sligo Formation in South Texas and 




Figure 1.2 Idealized geologic setting of the Gulf of Mexico during the Early 





Figure 1.3 Chronostratigraphic units of the Lower Cretaceous in south Texas and 
Northern Mexico (modified after Kirkland et al., 1987) 
1.4 Depositional Setting 
Lower Cretaceous shelf carbonates were deposited around the Gulf of Mexico in 
the Early Cretaceous and accumulated all around the basin (Bebout and Loucks, 1974). 
Figure 1.4 shows the distribution of Lower Cretaceous shelf carbonates and terrigenous 
clastics around the Gulf of Mexico. Lower Cretaceous Sligo Formation reef carbonates 
have been documented to occur in the subsurface from Mexico to Mississippi (Herman 
1970). Early Cretaceous carbonates, including the Sligo, have also been identified off 
northwest Florida (Corso et al. 1989) showing the regional subsurface occurrence of 




Figure 1.4 Distribution of Lower Cretaceous carbonates and clastics around the Gulf 
of Mexico basin (modified after Meyerhoff, 1967) 
The Sligo Formation shelf carbonates have been divided into three major groups 
representing the three major depositional environments of these sediments. These groups 
include 1) reef rubble (reef or near reef), with two subgroups; 2) back reef (reef 
platform), with three subgroups; and 3) lagoonal, with two subgroups (Kirkland et al. 




Figure 1.5 Schematic cross section of the Sligo Formation facies and subfacies 
(modified after Kirkland et al., 1987) 
Reef rubble facies contain reef fossil assemblages such as corals and caprinid 
rudists and texturally indicate deposition close to a high-energy reef or bank. Reef rubble 
subfacies I sediments consist of coral rudist grainstones dominated by caprinids and 
rudists deposited in high-energy conditions, while reef rubble subfacies II are coral rudist 
grainstones to packstones deposited in lower-energy conditions. 
 Back reef facies consist of high-energy grainstones to low-energy packstones that 
accumulated leeward of the shelf edge. Back reef subfacies I sediments range from 
grainstones to well-washed packstones and contain mainly replaced grains (probably 
rudist fragments), as well as, coral fragments and solenoporids in lesser quantities. Back 
reef facies II were deposited in moderate high-energy conditions and consist of a diverse 
fossils and grains often encrusted by Lithocodium sp. Back reef subfacies III sediments 
range from well-washed packstones to wackestones and contain fossil assemblages 
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similar to back reef II facies, and in addition, are dominated by dasyclads and miliolids 
that suggest a transition from back reef to low-energy lagoon deposional environment. 
Lagoon facies sediments were deposited leeward of the reef and back reef 
deposits under low-energy conditions and are interbedded with back reef sediments. 
Lagoon subfacies I are mainly packstones with a few wackestones deposited in a shallow 
shelf lagoon that was in communication with open marine waters and consists of benthic 
foraminifera, peloids, dasyclads, codiaceans, molluscs, echinoderm fragments, and a few 
ostracods and worm tubes. Lagoonal subfacies II sediments range from wackestones to 
packstones deposited under low-energy conditions. Lagoon subfacies II consists of 





2.1 Core Description and Sample Selection 
Approximately 120 ft (37 m) of core was carefully examined under a standard 
petrographic microscope and described in detail. Petrographic examination of the cores 
from two sections of the McElroy I well, - 14,940 ft – 15,015ft and 16,950 ft – 17005 ft; 
also afforded the opportunity to determine core sections of interest to be polished and cut 
for thin sectioning. Samples were collected at roughly every 5 ft (1.5 m) interval for thin 
sectioning. A total of 27 standard size (27 mm x 46 mm) and 3 large size samples (51 
mm x 75 mm) rectangular thin sections were collected for this study. Samples were also 
selected based on the presence of pore-occluding carbonate cements and fossils of 
framework and binding organisms. Core description also helped in identifying portions of 
the core that were polished and scanned with a HP DeskJet 2050 J510 series flat bed 
scanner. 
2.2 Petrographic Sectioning and Standard Petrographic Analyses 
A total of 30 samples were sent to Spectrum Petrographics, Inc. and made into 
standard (27 mm x 46 mm) and large size (51 mm x 75 mm), rectangular thin sections. 
Each prepared thin section was impregnated with blue-dyed epoxy with no cover slips 
attached. Each of the thin sections was stained with alizarin red-S and potassium 
ferricyanide (Dickson 1966) to distinguish between different carbonate cements, 
particularly non-ferroan calcite (which turned pink) and non-ferroan dolomite (remained 
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unstained). Petrographic analyses were carried out by critically observing each of the 
prepared thin sections under a standard Olympus BX50 petrographic microscope. The 
thin sections were petrographically examined under transmitted light and 
photomicrographs of features including porosity types, types and stages of cementation, 
porosity controlling framework fossils, etc. were taken using the attached Nikon CoolPix 
990 digital camera. 
2.3 Cathode Luminescence Analyses 
Thin sections were also petrographically examined under the CL- 4 Luminoscope 
to distinguish the stages in diagenesis of observed carbonate cements. Vacuum in the CL- 
4 Luminoscopes sample chamber was achieved using the attached vacuum pump. Once 
vacuum reading slowly approached 80, voltage was slowly increased to between 5,000 
and 7,000 volts using the voltage bar to observe fluorescing cements in the thin section 
sample. Vacuum reading values between 65 – 75 and voltage reading of ~ 8,000 volts 
provided optimum conditions for examination of fluorescing cements in the samples. 
Photomicrographs were taken using the Luminoscopes attached QCapture Pro digital 
camera. 
2.4 Thin section Porosity Analyses 
Porosity percentage averages were carried out on the thin sections to determine 
the trend in porosity throughout the McElroy-1 well using digitized images (White et al. 
1998). Each thin section was digitized by scanning it in a HP DeskJet 2050 J510 series 
flat bed scanner. The digitized image was then altered to reduce the contrast and thus 
enhance the feature of interest-: shades of blue representing porosity in the thin sections, 
and then saved as a TIFF file as this was the only picture file format recognized by the 
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image processing freeware. The TIFF file was then reopened in Scion Image (PC) to 
determine the number of pixels of each shade of blue determined by standard 
petrographic examination to represent porosity in each thin section. The total sum of 
pixel counts representing porosity in each thin section is divided by the number of pixels 
in the whole image to give average porosity. 
2.5 Scanning Electron Microscopy (SEM) Analyses 
 Rock samples for SEM analyses were selected based on evidence of relict 
organic matter and presence of pore-occluding features of interest including stylolites and 
differing carbonate cement types. Each selected freshly broken rock sample for SEM 
analysis was Au/Pd coated using the Polaron SEM coating system, for about 30 seconds 
in order to gain the required electrical conductivity. An Additional 10 – 15 seconds 
Au/Pd coating coupled with mounting on electrically conductive mounting medium e.g. 
double-sided carbon tape was applied to samples observed to lack sufficient electrical 
conductivity.  
Minor element compositions within observed cements and of unknown minerals 
were also examined using the attached X-ray Electron Dispersive (X-EDS) spectrometer 
of the JEOL JSM-6500F Field Emission Scanning Electron Microscope (FESEM). 
 Elemental mapping of some pore-occluding minerals e.g. pyrite and sphalerite 
was carried out using the Carl Zeiss EVO50VP Variable Pressure Scanning Electron 
Microscope. High-resolution pictures of observed features were acquired with the 
FESEM’s digital image system. All SEM analyses were carried out at the Mississippi 
State University Institute for Imaging and Analytical Techniques (I2AT). 
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2.6 Confocal Laser Scanning Microscopy (CLSM) Analyses 
Confocal Laser Scanning microscopy (CLSM) was used to provide evidence of 
the occurrence of brightly fluorescing residual bitumen or overcooked oil. Thin Sections 
were selected for CLSM examination based on observed occurrence of residual bitumen 
under the standard research petrographic microscope. A Carl Zeiss LSM 510 confocal 
laser scanning microscope with an inverted Zeiss Axiovert 200 M light microscope and a 
plan apochromat 10X/3.0 NA objective lens was used for CLSM examination of thin 
sections. A FITC/TRITC (Fluorascein/Rhodamine/Transmission) filter set was used in 
single channel mode imaging. Excitation wavelengths of 488nm/543nm and Long Pass 
(LP) Emission wavelengths of 505nm (green) and 560nm (red) were acquired at 512x512 
or 1024x1024 pixel format. Fluorescent images were acquired using the Zeiss LSM 510 
CLSM integrated micro imaging unit. CLSM analyses were performed at the Mississippi 
State University Institute for Imaging and Analytical Techniques (I2AT). 
2.7 XRD Analyses 
Carbonate cement grains of interest were carefully obtained from the core with a 
dental instrument and ground to fine powder with a mortar and pestle. A representative 
portion of the finely ground powder was put on a glass slide that was inserted into the 
horizontal stage of the Rigaku SmartLab X-ray Diffraction System with a measuring 
range of -3° to 160° 2θ. Appropriate settings were utilized and each powder sample was 
analyzed in the Rigaku XRD system for at least 40 minutes. The mineralogy of the 
sampled powder was confirmed using the Jade ® XRD analytical software. XRD was 
used to confirm calcite or dolomite mineralogy of carbonate cements. XRD analyses 




2.8 Stable Carbon and Oxygen Isotope Analyses 
Carbonate cement grains (calcite and dolomite) were carefully obtained from the 
different observed generations of fracture-filling and other pore-occluding cements using 
a high precision dental instrument. The obtained carbonate cement was ground into fine 
carbonate powder using a small size mortar and pestle. Approximately 50 – 100 
micrograms (0.050 – 0.100 mg) of finely ground carbonate powder was carefully 
weighed out using a microbalance into special vials. The carbonate powder in each vial 
was dried at 50°C for at least 24 hours and reacted with 100% orthophosphoric acid 
(H3P04) to release dry CO2 that was analyzed using a gas-source mass spectrometer. 
Reproducibility for the δ13C and δ18O measurements respectively is estimated to be 
between +/-0.08 and 0.07 % (1σ) based on multiple NBS-19 standards and sample 
replicates (Lambert and Aharon 2011). Stable isotope analyses were carried out to 
identify possible sources of cement-precipitating fluids and thus diagenetic environments. 
Possible sources of cement-precipitating fluids include meteoric groundwater, seawater, 
and oil field brines. Stable isotopic analyses were performed at Alabama Stable Isotope 





3.1 Core Description Charts 
One hundred and twenty feet (37 m) of core from two sections of the McElroy-1 
well was described using a standard petrographic microscope. Core I (Figure 3.1) was 
from 14,940 ft – 15,015 ft core depth, while Core II (Figure 3.2) was from 16,950 ft – 
17,005 ft in the McElroy-1 well. In the core description, types of lithology described 
include limestone and dolomite while mudstone, wackestone, packstone and grainstone 
were the rock textures described. Porosity trend in the core was assessed and included in 
the chart. Diagenetic features described include: fractures, stylolite abundance, and 
presence of residual bitumen or overcooked oil. Grain types described include: corals, 
solenoporids, echinoderms, peloids, encrusting organisms, caprinids, rudists, molluscs, 
Lithocodium, miliolid foraminifera, dasyclads, and bivalves. Figure 3.1 and figure 3.2 





Figure 3.1 Core Description Chart I showing core descriptions from 14,940 ft – 





Figure 3.2 Core Description Chart II showing core descriptions from 16,950 ft – 
17,005 ft core depths in the McElroy-1 well 
3.2 Thin section Porosity Results 
The average porosity of each thin section was quantified using digitized images. 
Porosity average in a total of 30 thin sections (TS1 to TS 30) was quantified. Table 3.1 
shows the values for pixel counts representing porosity (shades of blue) and the total 
number of pixels for each thin section used in the quantitative determination of porosity 
percent of each thin section. Quantified porosity was then plotted against corresponding 
depth of each thin section to give porosity charts I and II. Porosity chart I represents 
porosity percent analyses for thin sections (TS 1 – TS 16) from core section I (14,940 ft – 
15,015 ft), while porosity chart II represents porosity percent analyses for thin sections 
(TS 17 – TS 30) from core section II (16,950 ft – 17,005 ft) of the McElroy-1 well. 
 
19 















TS 1 14,943.2 13224 159758 8.2 
TS 2 14,947.4 3800 51102 7.4 
TS 3 14,948.6 5276 142480 3.7 
TS 4 14,953.2 653 126380 0.5 
TS 5 14,955.7 56 129168 0.04 
TS 6 14,958.3 6830 148649 4.5 
TS 7 14,965.2 9001 128700 6.9 
TS 8 14,968.7 3611 122760 2.9 
TS 9 14,974.3 13741 145962 9.4 
TS 10 14,977.9 12656 153252 8.2 
TS 11 14,983.8 310 53808 0.6 
TS 12 14,988.6 4250 156880 2.7 
TS 13 14,992.2 3313 130536 2.5 
TS 14 14,995.2 5081 169524 2.9 
TS 15 15,006.1 2896 161268 1.7 
TS 16 15,011.8 7411 144742 5.1 
TS 17 16,952.4 3134 162756 1.9 
TS 18 16,957.2 5796 159530 3.6 
TS 19 16,963.5 3554 149240 2.4 
TS 20 16,970.4 1140 176026 0.6 
TS 21 16,976.3 4257 158248 2.6 
TS 22 16,982.1 3051 154119 2.0 
TS 23 16,987.8 1988 113090 1.8 
TS 24 16,989.8 167 146664 0.1 
TS 25 16,992.9 1893 136431 1.4 
TS 26 16,994.8 3118 146304 2.1 
TS 27 17,001.2 1003 156366 0.6 
TS 28 17,002.1 950 146944 0.7 
TS 29 17,004.0 620 137280 0.5 





Figure 3.3 Porosity Chart I (Core I) showing porosity trend between 14,940 ft – 





Figure 3.4 Porosity Chart II (Core II) showing porosity trend between 16,950 ft – 
17,005 ft in the McElroy-1 well. 
3.3 Standard Petrography Results 
A total of 30 standard (27 mm X 46 mm) and large (51 mm X 75 mm) size 
rectangular thin sections were prepared and analyzed in this study. Thin sections (TS 1 – 
TS 30) were from roughly every 5 ft interval of core available (Appendix A). A total of 
16 thin section slides (TS 1 – TS 16) were made from core section I (14,940 ft – 15,015 
ft) and 14 (TS 17 – TS 30) from core section II (16,950 ft – 17,005 ft). Approximately 
half of each thin section slide was stained with alizarin red-S and potassium ferricyanide 
solution (Dickson, 1966). In the stained portion of each thin section slide, non ferroan 
calcite stained pink and non-ferroan dolomite remained unstained. 
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Sphalerite replacement is shown in Figure 3.5. Evidence of marine diagenesis – 
micrite envelope-, is shown in Figure 3.6. Baroque dolomite replacing meteoric phreatic 
cements is shown in Figures 3.7, 3.8, and 3.9. Evidence of residual bitumen is shown in 
Figures 3.10 and 3.11. Figure 3.12 shows a stressed calcite crystal while Figure 3.13 
shows evidence of a later occurring microfracture. Figure 3.14 shows baroque dolomite 
and partially dolomitized calcite crystals. Dissolution within pore-filling phreatic calcite 
is shown in Figure 3.15. Figures 3.16, 3.17, 3.18, 3.19, and 3.20 show non-ferroan 
phreatic calcite and partially dolomitized calcite occluding porosity in pores and 
fractures. Pyrite replacement is shown in Figure 3.21 and a twinned calcite with well 
developed twin lamellae is shown in Figure 3.22. Figures 3.23 shows compacted grains at 
depth (17,004 ft/5,183 m) in the Sligo Formation. 
 
 
Figure 3.5 TS 5 14,955.7 ft- Photomicrograph shows sphalerite replacement (SP) 
occurring within rock matrix. It also shows miliolid foraminifera (MF) and 





Figure 3.6 TS 5 14,955.7 ft- Micrite envelope (ME) shows nature of originally 
aragonitic grain (shape is similar to phylloid algae); Intraparticle porosity is 
filled by meteoric calcite cement. 
 
 
Figure 3.7 TS 5 14,955.7 ft- Photomicrograph shows interior of allochem filled by 
meteoric phreatic calcite cement (MPC), some of which is being replaced 





Figure 3.8 TS 8 14,968.7 ft- Photomicrograph shows intracrystal (WX) and 
intercrystal (IX) porosity. Baroque dolomite (D) replaces non-ferroan 
meteoric phreatic calcite (MPC) cement.  
 
 





Figure 3.9 (continued)  
 
Note: Photomicrographs A (PPL) and B (XPL) (TS 8 14,968.7 ft) show baroque dolomite 
(D) with characteristic sweeping extinction and curved edges (C) replacing meteoric 
phreatic non-ferroan calcite cement.  
 
 
Figure 3.10 TS 10 14,977.9 ft- This photomicrograph highlights a section of the 
McElroy-1 well where moldic porosity (MO) is present. It also shows other 




Figure 3.11 TS 12 14,988.8 ft- In this photomicrograph small (< 1 mm) ~ equant calcite 
(EC) completely fills this pore. Residual bitumen (RB) is observed between 




Figure 3.12 TS 13 14,992.2 ft (XPL) - Photomicrograph shows a highly twinned 
medium-sized (1 mm – 3 mm) calcite (TC) crystal with well developed 





Figure 3.13 TS 14 14,995.2 ft- Photomicrograph shows a microfracture (MFR) that 
cross cuts a euhedral dolomite (ED). 
 
 
Figure 3.14 TS 16 15011.8 ft- This is a good example of a relict calcite (PDC) caught 






Figure 3.15 TS 19 16,963.5 ft- Photomicrograph shows intracrystal (IX) microporosity 
within non-ferroan meteoric phreatic calcite (MPC) cement.  
 
 
Figure 3.16 TS 20 16,970.4 ft- Photomicrograph shows non-ferroan meteoric phreatic 
calcite (MPC) cement with drusy mosaic texture filling a pore. It also 





Figure 3.17 TS 22 16,982.1 ft- Photomicrograph shows at least two generations of 
fractures that are filled with non-ferroan calcite, some of which appear to 
be caught up in dolomite crystals. 
 
 
Figure 3.18 TS 22 16982.1 ft- In this photomicrograph non-ferroan calcite cements and 





Figure 3.19 TS 26 16,994.8 ft- Photomicrograph highlights fractures that have been 
completely filled (CFF) with partially dolomitized non-ferroan calcite. 
 
 
Figure 3.20 TS 26 16,994.8 ft- Photomicrograph shows intergranular (IG) pore space 
and microfracture (MCF) completely filled with mostly non-ferroan calcite 





Figure 3.21 TS 26 16,994.8 ft- This is an excellent example of pyrite (P) replacement 
occluding microporosity within rock matrix at 16,994.8 ft (lower core) in 
the McElroy-1 well. 
 
 
Figure 3.22 TS 27 17,001.2 ft (XPL) - Photomicrograph shows intensely twinned 
calcite (TC) crystals with well developed twin lamellae (TL) at 17,001.2 ft 





Figure 3.23 TS 29 17,004.0 ft- Photomicrographs shows compacted grains (CG) and 
encasing non-ferroan meteoric phreatic calcite (MPC) cement, which is 
partially dolomitized locally. 
3.4 Cathode Luminescence Results 
Thin sections were selected for examination with cathode luminescence (CL) 
based on presence of carbonate cements as revealed by detailed standard petrography. 
Thin sections were examined using the CL-4 Luminoscope to study trace element ratios 
and composition of different carbonate cements. CL examinations were also carried out 
to provide more insight into diagenetic environments of the different precipitation fluids 
and the conditions under which the carbonate cements were precipitated. The CL 
photomicrographs are presented in pairs. Each pair of CL photomicrographs consists of a 
plane polarized light (PPL) photomicrograph and a CL photomicrograph. CL 
photomicrographs highlight brightly, dull and non-luminescent portions of calcite and 
dolomite crystals from various depths in the McElroy-1 well. Figures 3.24 and 3.25 show 
zones of varying luminescence within baroque dolomites. Figure 3.26 illustrates a 
relatively bright luminescent zone within a partially dolomitized calcite crystal while 
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Figure 3.27 shows relatively uniform luminescence within a baroque dolomite crystal. 
Figures 3.28 shows brightly luminescent baroque dolomite crystals and zones of 





Figure 3.24 Baroque dolomite with brightly luminescent crystal edges. 
Note: Photomicrographs (A) PPL and (B) CL image show a baroque dolomite (D) crystal 





Figure 3.25 Baroque dolomite with brightly luminescent zones. 
Note: Photomicrographs (A) PPL and (B) CL image highlight a baroque dolomite (D) 
crystal (TS 10 14,977.9 ft) with brightly luminescent zones within and along its edges. 






Figure 3.26 Luminescent partially dolomitized calcite  
Note: Photomicrographs (A) PPL and (B) CL image highlights a partially dolomitized 






Figure 3.27 Uniformly luminescent baroque dolomite 
Note: Photomicrographs (A) PPL and (B) CL image highlight non-luminescent calcite 
(C) from 14,968.7 ft (TS 8) in lower left corner of photomicrograph. Photomicrograph 





Figure 3.28 Luminescent baroque dolomite and partially calcite 
Note: Photomicrographs (A) PPL and (B) CL image show brightly luminescent baroque 
dolomite (D) and partially dolomitized calcite (PDC) crystals (TS 16 15,011. 8 ft ) with 
clear bright and dull luminescent zones. Bright luminescent zones of the calcite crystals 
appear in most cases to run along the edges of the crystals. 
3.5 Scanning Electron Microscopy Results 
Initial core description and petrography facilitated the selection of samples for 
SEM. Samples were selected from different sections of the core to study the 
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microstructure of stylolites, pore-filling residual bitumen, and micropore-occluding 
cements and minerals. Other features examined include the interlocking nature of micron-
sized calcite crystals, intercrystal and intracrystal micropores, microfractures and 
microfracture-filling minerals. 
Table 3.3 shows a list of the SEM samples and their corresponding depths.  
Table 3.2 SEM samples and depths 
SAMPLE NAME DEPTH (feet) 
SEM 1a 14,944.5 
SEM 1b 14,945.2 
SEM 3a 14,950.3 
SEM 3b 14,951.5 
SEM 25a 16,993.2 
SEM 25b 16,994.7 
SEM 26 16.995.4 
SEM 28a 17,002.9 
SEM 28b 17,003.8 
 
Figures 3.29, 3.30, and 3.31 shows ~ 2 – 4 µm sized calcite crystals which make 
up the micrite matrix, and residual bitumen locally filling micropores. Figure 3.32 shows 
euhedral dolomite crystal while Figure 3.33 shows residual bitumen in intercrystal 
micropore. Micrite/calcite cement boundary is illustrated in Figures 3.34 and 3.35. Figure 
3.36 shows a close up of micrite matrix while Figures 3.37 shows fine calcite filling a 
microfracture. Residual bitumen is illustrated in Figure 3.38 while Figure 3.39 shows fine 
quartz filling a microfracture. Organic matter is shown in Figures 3.40 and 3.41. Micrite 




Figure 3.29 SEM 1b 14,945.2 ft – SEM image shows evidence of micro karst (MK) in 
2 – 4 µm sized calcite crystals, which are encircled in places by what 
appears to be residual bitumen (RB) in the micrite matrix. 
 
 
Figure 3.30 SEM 1b 14,945.2 ft- SEM image shows micrite matrix that consists of~ 2 – 
4 µm sized interlocking calcite (IMC) crystals. Micrite matrix also contains 




Figure 3.31 SEM 1b 14,945.2 ft- High magnification image showing fabric selective 
intercrystal microporosity. Micropore (µP) is roughly 1 µm across. 
 
 
Figure 3.32 SEM 1b 14,945.2 ft- SEM image of euhedral dolomite (ED) within micron-





Figure 3.33 SEM 1b 14,945.2 ft- SEM image shows matrix of moderately interlocking 
micron-sized calcite (IMC) crystals and what appears to be residual 
bitumen (RB) in intercrystal micropore space. 
 
 
Figure 3.34 SEM 3a 14,950.3 ft- SEM image highlights the boundary between calcite 




Figure 3.35 SEM 3a 14,950.3 ft- Higher magnification image of the same area above 
showing boundary between interlocking micron-sized equant calcite (IMC) 
crystals that constitute micrite matrix and small-sized (< 1 mm) calcite 
cement (CC) crystals. 
 
 
Figure 3.36 SEM 3a 14,950.3 ft- SEM image shows matrix of interlocking equant 




Figure 3.37 SEM 3a 14,950.3 ft- SEM image clearly shows small (< 1 mm) calcite 




Figure 3.38 SEM 3a 14,950.3 ft- High magnification image of interlocking micron-
sized calcite crystals (ICC) and what appears to be residual bitumen (RB) 




Figure 3.39 SEM 3a 14,950.3 ft- SEM image shows fine hexagonal crystal quartz (Q) 
occluding porosity in microfracture close to the boundary between small 
(<1 mm) calcite cement (CC) and micrite matrix (MM). 
 
 
Figure 3.40 SEM 3b 14,951.5 ft- SEM image shows organic matter (OM) attached to 




Figure 3.41 SEM 3b 14,951.5 ft- High magnification SEM image of organic matter 
(probably filamentous bacteria) in Figure above 
 
 
Figure 3.42 SEM 28b 17,003.8 ft- SEM image shows severely interlocked micron-sized 
calcite (IMC) crystals at 17,003.8 ft in the McElroy-1 well. SEM image 





Figure 3.43 SEM 28a. 17,002.9 ft- SEM image shows open microfracture (MFR) at 
depth in the McElroy-1 well. Microfracture is ~ 1 µm across. 
3.5.1 Stylolites 
Irregular planes of discontinuity or surfaces where two rock units appear to be 
mutually interpenetrating each other are stylolites (Nelson 1985), and were observed as a 
diagenetic feature in the Sligo Formation. Horizontal and non-horizontal stylolites were 
seen to be most prevalent at depths below 16,963 ft (5,170 m) in the McElroy-1 well. The 
amplitude of a stylolite is thought to give an estimate of rock that has gone into solution 
to release late diagenetic calcite that usually then reduces porosity and permeability in 
vicinity of the stylolite. Stylolites contribute to compaction and loss of reservoir rock 
thickness (Bathurst, 1975; Moore 2001), and are a means of transporting oil out of the 
rock (Dunnington 1954). The general morphology and internal structures of stylolites, 
types and nature of occurrence of common minerals that occur along stylolite seams 
include some of the features examined in this study. 
An extensive high amplitude horizontal stylolite in the McElroy-1 core is shown 
in Figure 3.44. The general morphology and stress directions of some stylolites are 
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illustrated in Figures 3.45 and 3.46. Figure 3.47 illustrates a stylolite-associated gash and 
its causative strain directions. Figures 3.48 and 3.49 shows a close-up view of a stylolite 
seam. Figures 3.50, 3.51, and 3.52 shows evidence of pyrite occurring along a stylolite 
seam. Figure 3.53 shows evidence of quartz and calcite in a stylolite seam while Figure 
3.54 shows evidence of dolomite. Evidence of calcite mineralogy of interpenetrating rock 
unit adjacent to a stylolite is illustrated in Figure 3.55. Figures 3.56 and 3.57 shows 
baroque dolomite occurring along a stylolite seam while 3.58 illustrates a stylolite with 
associated tension gashes. Figures 3.59 and 3.60 shows examples of non-horizontal 
stylolite while examples of horizontal stylolites are illustrated in Figures 3.61 and 3.62. 
 
 
Figure 3.44 16,949 ft – picture shows an extensive high amplitude (HA) ~ horizontal 
stylolite (HS) in Core. Highest amplitude in this stylolite is ~ 40 mm. 




Figure 3.45 SEM 25a. 16,993.2 ft- SEM image shows the general morphology of a 
stylolite, its seam (SS), and the directions of the causative paleo-maximum 
(PMX) and paleo-minimum (PMN) stresses. 
 
 
Figure 3.46 SEM 25a 16,993.2 ft- SEM image shows a stylolite seam (SS) with highly 
uneven surfaces. Causative paleo-maximum (PMX) and paleo-minimum 




Figure 3.47 SEM 25a 16,993.2 ft- SEM shows what appears to be a gash (G). Also 
shows a strain (STR) that runs in a direction generally perpendicular to and 
away from the paleo-maximum stress (PMX) direction in operation. 
 
 
Figure 3.48 SEM 25b 16,994.7 ft- SEM image shows uneven nature of stylolite seam 
(SS) and paleo-maximum (PMX) and paleo-minimum (PMN) stresses 




Figure 3.49 SEM 25b 16,994.7 ft- SEM image shows a close up of the extensively 
uneven nature of a stylolite seam (SS) surface at 16,994.7 ft (lower core) of 
the McElroy-1 well. 
 
 
Figure 3.50 TS 16 15,011.8 ft – EVO-SEM image of pyrite (P) along a stylolite seam 




Figure 3.51 TS 16 15011.8 ft - Elemental mapping of the pyrite (Iron - Fe and Sulphur -  
S) occurring along a stylolite seam and magnesium (Mg) of the 
replacement dolomite mostly on the left side of the stylolite seam. 
 
 
Figure 3.52 TS 16 15011.8 ft- Photomicrograph of pyrite (P) that selectively formed 




Figure 3.53 FESEM 25a (i). 16,993.2 ft- EDS analysis shows elements of minerals 
occurring along the seam of this stylolite.  Quartz (SiO2) and calcite 
(CaCO3) include minerals present in this part of the stylolite seam and 




Figure 3.54 FESEM 25a (ii). 16,993.2 ft- EDS analysis confirms cubic shaped mineral 




Figure 3.55 FESEM 25b 16,994.7 ft- EDS shows calcite (CaCO3) mineralogy of one of 





Figure 3.56 TS 16 15,011.8 ft- Photomicrograph clearly highlights baroque dolomite 




Figure 3.57 TS 24 16,990.1 ft- Photomicrograph shows baroque dolomite (D) forming 





Figure 3.58 TS 25 16,992.9 ft- Photomicrograph shows a stylolite (ST) that cross cuts a 
cement-filled allochem. Stylolite has associated tension gashes (TG) filled 
with non-ferroan calcite which is partially dolomitized in places. 
 
 
Figure 3.59 TS 25 16,992.9 ft- This is an excellent example of a non-horizontal 
stylolite (NHS) with associated cement-filled unloading fractures (UF), 




Figure 3.60 TS 26 16,994.8 ft- Photomicrograph shows a high amplitude (~ 2 mm) non-
horizontal stylolite (NHS) with associated euhedral dolomite (ED) and late 
diagenetic calcite mostly partially dolomitized (PD). 
 
 
Figure 3.61 TS 28 17,002.1 ft- This is an excellent example of a horizontal stylolite 
(HS) in 17,002.1 ft (lower core) with associated late diagenetic calcite 




Figure 3.62 TS 25 16,992.9 ft- Horizontal stylolite (HS) with associated late diagenetic 
calcite, is cross cut by a microfracture (MFR). 
3.5.2 Field Emission Scanning Electron Microscopy (FESEM) Results 
FESEM facilitated the identification of known and unknown minerals occluding 
porosity within pores, within rock matrix and along stylolite seams. These minerals were 
identified during core description, thin section and SEM analyses and then further 
subjected to FESEM analyses. Dolomite, quartz and calcite include some of the minerals 
identified with the Electron Dispersive Spectrometer (EDS) of the FESEM. The FESEM 
samples are the same for each corresponding SEM samples and thus have similar naming 
conventions as well as corresponding depths. Table 3.4 shows a list of the FESEM 
samples and their corresponding sample depths (core depth). 
   
 
59 
Table 3.3 FESEM samples and depths 
FESEM SAMPLE NAME DEPTH (feet) 
FESEM 3a (i) 14,950.3 
FESEM 3a (ii) 14,950.3 
FESEM 3a (iii) 14,950.3 
FESEM 25a (i) 16,993.2 
FESEM 25a (ii) 16,993.2 
FESEM 25b 16,994.7 
FESEM 26 16,995.4 
 
A diagenetically altered grain occurring between micron-sized calcite crystals 
(Figure 3.63) was confirmed to be quartz (SiO2). Quartz is also confirmed in Figure 3.64 
for fine hexagonal crystal mineral filling a microfracture that is seen to crosscut the 
micrite matrix. Figure 3.65 shows evidence of calcite (CaCO3) in calcite/micrite 






Figure 3.63 FESEM 3a (i) 14,950.3 ft- EDS the diagenetically-altered grain sandwiched 




Figure 3.64 FESEM 3a (ii) 14,950.3 ft- EDS analysis confirms quartz mineralogy 











Figure 3.66 FESEM 26 16,995.4 ft- EDS analysis shows calcite mineralogy (CaCO3) of 
cements filling a microfracture that cross cuts the micrite matrix.  
3.5.3 Variable Pressure Scanning Electron Microscopy (EVO-SEM) Results 
EVO-SEM was used to do elemental mapping of MVT sulphide replacement that 
was observed to occur along stylolite seams. Elemental analysis of pyrite (FeS2) and 
sphalerite (ZnS) replacement occurring within and thus occluding porosity within the 
rock matrix were also performed. The EVO-SEM was used to analyze thin sections in 
variable pressure mode and also to identify the different elements making up these 
sulphides and assign different colors to all occurrences of those elements in the portions 
 
64 
of the thin section analyzed. The occurrences of the element analyzed were used to 
generate element maps. Element map of pyrite replacement in figures 3.67 is shown in 
Figure 3.68. The x-ray result of pyrite replacement in Figure 3.69 is shown in Figure 
3.70. The result of the elemental analyses of sphalerite replacement shown in Figure 3.71 
is shown in Figure 3.72. Figure 3.73 shows an example of foggy and white cements 
analyzed for their minor element composition. X-ray results for foggy and white cements 
are presented in Figures 3.74 and 3.75 respectively. Figure 3.76 image of transparent 
(inner pore-filling) carbonate cement sampled for its minor elements composition while 










Figure 3.68 TS 16 15,011.8 ft - Elemental mapping of pyrite (Iron -Fe and Sulphur -S) 
replacement within rock matrix in photomicrograph above. 
 
 
Figure 3.69 TS 26 16,994 ft – pyrite (P) replacement occluding porosity within rock 





Figure 3.70 TS 26 16,994 ft - EVO-SEM x-ray analysis of pyrite (Iron -Fe and Sulphur 
-S) replacement occurring within rock matrix in figure above. 
 
 
Figure 3.71 TS 5 14,955.7 ft – pore-occluding sphalerite (SP) replacement occurring 
within rock matrix. Microfracture (MFR) with fracture microporosity and 
residual bitumen (RB) in 14,955.7 ft (upper core) are also shown. 
 
















Figure 3.72 TS 5 14,955.7 ft – Elemental mapping of sphalerite (Zinc - Zn and Sulphur 
-S) replacement within rock matrix in photomicrograph above. 
 
 
Figure 3.73 16,991 ft - Scanned core section showing example of sampled white 
fracture cement (LFFWC) and Foggy (LFFFC) carbonate cements. 
Stylolites (ST), possible residual bitumen (RB) inclusions within fracture 







Figure 3.74 X-ray analysis of trace and minor elements of sampled foggy carbonate 
cement. Moderate levels of Ba, Si, Mg and Na observed. 
 
 
Figure 3.75 X-ray elemental analysis of sampled white fracture carbonate cement. 
Minor levels of Fe and Al are observed. High levels of Mg also present. 
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Figure 3.76 14,998 ft- Core image showing transparent inner pore-filling carbonate 




Figure 3.77 X-ray analysis of trace and minor elements in transparent (inner pore-
filling) carbonate cement. 
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3.6 Confocal Laser Scanning Microscopy Results 
A Zeiss LSM 510 Confocal Laser Scanning Microscope was used primarily to 
acquire fluorescent images of sections of selected thin sections to show occurrences of 
residual bitumen or overcooked oil. Confocal microscopy facilitated the identification of 
brightly fluorescing residual bitumen within the rock matrix, along stylolite seams and in 
intra- and intercrystal micropore spaces. Figure 3.78 shows residual bitumen in 
intercrystal micropore space and within micrite matrix while Figure 3.79 shows residual 
bitumen occurring within the rock matrix and filling moldic pore space. Residual bitumen 
is shown to occur along a stylolite in Figure 3.80 and is also observed along 
interconnected intra- and intercrystal pore spaces in Figure 3.81. 
 
 
Figure 3.78 CLSM 5 14,955.7 ft – Fluorescent residual bitumen (RB) occurring within 





Figure 3.79 CLSM 5 14,955.7 ft – Fluorescent image showing residual bitumen (RB) 




Figure 3.80 CLSM 25 16,992.9 ft – Fluorescent image shows residual bitumen (RB) 




Figure 3.81 CLSM 25 16,992.9 ft- Fluorescent image showing residual bitumen (RB) 
occurring along interconnected intra- and intercrystal pore spaces.  
3.7 XRD Results 
XRD analyses were carried out primarily to confirm calcite or dolomite 
mineralogy of carbonate cements. Cement-filled fractures and stylolized portions of the 
core were stained with alizarin red-S and potassium ferricyanide solution to identify and 
distinguish dolomite and calcite cements. This was done also to study what appeared to 
be the selective formation of dolomites in fractures, along and immediately adjacent to 
stylolites and location of partially dolomitized non ferroan calcite in places adjacent to 
stylolite. XRD was then used to confirm dolomite (unstained) or calcite (pink-stained). 
The XRD graph result of dolomite occurring in a fracture in the core is shown in Figure 
3.82. Figure 3.83 illustrates a stylolite region in the McElroy-1 core and shows XRD 








Figure 3.82 Unstained dolomite (D) and pink-stained calcite (C) fracture fills in core. 






Figure 3.83 Unstained dolomite (D) and pink-stained calcite in stylolite region of core. 
XRD shows characteristic 31 two-theta (deg) dolomite peak in sample. 
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3.8 Stable Isotope Analyses Results 
Carbonate cements (calcite and dolomite) were sampled from the upper and lower 
core and analyzed to obtain their stable carbon and oxygen isotope values. Samples were 
selected based on the detailed petrography revealed pore-occluding nature of these 
carbonate cements. Table 3.4 shows the list of different carbonate cements analyzed, 
corresponding depths and locations of images from where samples were obtained or 
examples of such locations.  
Table 3.4 Stable isotope samples and depth 
SAMPLE DESCRIPTION SAMPLE  DEPTH (ft) SAMPLE 
IMAGE 
Large Fracture-Filling (Foggy) Cement LFFFC I 15,012.2 Fig 3.72 
Large Fracture-Filling (Foggy) Cement LFFFC II 16,991.1 Fig 3.72 
Large Fracture-Filling (White) Cement LFFWC I 15,005.1 Fig 3.72 
Large Fracture-Filling (White) Cement LFFWC II 16,986.0 Fig 3.72 
White (outer) Pore-Filling Cement WOPFC I 14,967.1 Fig 3.75 
White (outer) Pore-Filling Cement WOPFC II 16,967.1 Fig 3.75 
Transparent (inner) Pore-Filling Cement TIPFC I 14,975.0 Fig 3.75 
Transparent (inner) Pore-Filling Cement TIPFC II 16,969.7 Fig 3.75 
Before Fault Zone Cement BFZC 16,974.3 NA 
Fault Zone (white) Cement FZWC I 16,987.7 Fig 3.80 
Fault Zone (white) Cement FZWC II 16,988.9 Fig 3.80 
Post Fault Zone Cement PFZC 17,000.2 NA 
Stylolite Fracture (Tension Gashes) Filling Cement SFFC I 14,957.3 Fig 3.58 
Stylolite Fracture (Tension Gashes) Filling Cement SFFC II 16,994.5 Fig 3.58 
Stylolite (Horizontal) TS 25 STS25 Ia 16,992.9 Fig 3.61 
Stylolite (Horizontal) TS 25 STS25 Ib 16,992.9 Fig 3.61 
Stylolite (vertical) TS 25 STS 25 IIa 16,993.0 Fig 3.58 
Stylolite (vertical) TS 25 STS 25 IIb 16,993.0 Fig 3.58 
Baroque Dolomite Pore Fill TS 8 BDPFTS8 14,968.7 Fig 3.79 
Baroque Dolomite (in Stylolite) TS 16 BDTS16 15,011.8 Fig 3.55 
 
Figures 3.84 and 3.85 show sample images of baroque dolomite and “fault zone” 
(see cemented zone in Fig. 3.2) white cement sampled. Figure 3.86 shows a cross plot of 
δ13C (V-PDB) against δ18O (V-PDB) of sampled carbonate cements. Figure 3.87 shows 
Cross plot of δ13C (V-PDB) against δ18O (V-PDB) of similar carbonate cements sampled 
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while Figure 3.88 shows a cross plot of depth (ft) of sampled carbonate cements against 
δ18O (V-PDB).  
  
 
Figure 3.84 TS 8 14,968.7 ft- Scanned image of thin section showing baroque dolomite 
pore-fill (BDPFTS8) sampled. 
 
 
Figure 3.85 16,986.2 ft- Scanned portion of McElroy-1 core showing “fault zone” 




Figure 3.86 Cross plot of δ13C (V-PDB) against δ18O (V-PDB) of sampled carbonate 
cements. 






Figure 3.87 Cross plot of δ13C (V-PDB) against δ18O (V-PDB) of similar carbonate 
cements sampled. 
Note: White colored cements were color coded lemon green. Stylolite-associated cements 
were color coded blue. Dolomites sampled were color coded red. Transparent cements 
were color coded black. Foggy cements were color coded orange. Before (pre-) fault zone 
cement was color coded olive green. Post fault zone cement was color coded pink. Blue 




Figure 3.88 Cross plot of depth (ft) of sampled carbonate cements against δ18O (V-
PDB). 








Approximately 120 ft (37 m) of core from two sections (14,940 ft – 15, 015 ft and 
16,950 ft – 17,005 ft) of the dry Mobil McElroy-1 wildcat well was assessed to document 
the evolution of porosity of the Sligo Formation throughout the pre-, syn- and post-
depositional processes that resulted in the significant occlusion of porosity in the Sligo 
Formation (Lower Cretaceous Aptian-Albian). The propensity of carbonate minerals to 
dissolution, cementation, recrystallization, and replacement in various diagenetic 
environments (Ahr, 2008) was borne in mind while analyzing the processes that resulted 
in the creation, obliteration and/or modification of porosity. Analyses of the thin section 
porosity values (Table 3.1) show that average porosity in the McElroy-1 upper core 
(4.2%) is greater than average porosity in the lower core (1.47%). The Mann-Whitney U 
test, a nonparametric equivalent to t-test (Zar, 2010), was used to show that the lower 
core has statistically significant lower median porosity than the upper core (1.6% and 
3.3% respectively). The calculated U-value was 178, while the critical value- U 0.1(2), 16, 14 
= 174. According to this nonparametric statistical method, since 178 > 174, the null 
hypothesis (upper core porosity = lower core porosity) was rejected at the 0.01 level of 
significance, and in conclusion the upper core samples of the McElroy-1 well have 
significantly greater median porosity than the lower core samples.  Diagenetic processes 
observed to negatively impact porosity include compaction, pressure-solution, 
cementation (in fractures and pores), and dolomitization. Dissolution and a later 
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fracturing event include processes observed to create porosity locally especially in the 
upper section of the McElroy-1 well. 
 
 
Figure 4.1 Paragenetic Sequence Chart 
Notes: The vertical axis on the chart lists diagenetic events from first to last while the 




The paragenetic sequence of events in the Sligo Formation is shown 
schematically in Figure 4.1. Initially, marine diagenesis in the Sligo Formation followed 
deposition. Figure 3.6 shows micrite envelope that reveals the nature of an originally 
aragonitic grain (possibly phylloid algae). Shortly after marine diagenesis, meteoric 
vadose dissolution of allochems followed, which resulted in the release of calcite for 
cementation. Figure 3.7 shows dissolution-formed secondary porosity within an allochem 
that was later occluded by small (< 1mm) non-ferroan phreatic calcite, some of which has 
been replaced by much later occurring baroque dolomite. 
Hydrocarbons are notably caught in pores between small phreatic calcite cements 
and micrite indicating that initial hydrocarbon emplacement  post-dates shallow meteoric 
diagenesis and occurred prior to the precipitation of small (<1 mm) non-ferroan phreatic 
calcite cements. Figure 3.11 shows residual bitumen or overcooked oil sandwiched 
between the edges of ~ equant, small, pore-filling, non-ferroan phreatic calcite and what 
appears to be a geopetal structure. A hypothesis for this is that most of the hydrocarbon 
that once filled the pore was flushed out of by the small phreatic pore-filling calcite. 
Burial and heating over time resulted in the transformation of the remnant hydrocarbon 
on the edge of the calcite to overcooked/dead oil or residual bitumen. Overcooked/dead 
oil was also seen to fill intercrystal micropores (Figures 3.33, 3.38, 3.78 and 3.81) and 
moldic pore spaces (Figure 3.79) and to occur along stylolite seams (Figure 3.80). 
Meteoric phreatic calcite that post-dates initial hydrocarbon migration, and later 
occurring replacement dolomite were observed to jointly contribute significantly to 
porosity occlusion in fractures, microfractures, pores and micropores (Figures 3.9, 3.16, 
3.17, and 3.19). Fine quartz- and calcite cement filled micropores and microfractures 
(Figures 3.37 and 3.39) and occluded porosity throughout diagenesis. Relict calcite 
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caught up in dolomite crystals and/or partially dolomitized calcite (Figures 3.14 and 3.17) 
were seen to contribute to porosity loss in the McElroy-1 well. Pore-occluding 
replacement dolomite, which pre-date the precipitation of large (> 3 mm) ~ equant calcite 
cement, was observed to replace stylolite associated late-diagenetic calcite (Figures 3.59 
and 3.60) that was occluding porosity in pore spaces adjacent to the pressure-solution 
surface. 
The bulk of baroque dolomites were seen to display moderate to bright pink 
luminescence under the CL- 4 Luminoscope. Figures 3.25, 3.26, and 3.28 show varying 
intensities of brightly luminescent zones within baroque dolomite and partially 
dolomitized calcite crystals that suggest enrichment in Mn2+ (Scholle and Ulmer-Scholle, 
2003) which was incorporated into the crystals under reducing conditions deep in the 
McElroy-1 well. Baroque dolomites were seen to occur along stylolite seams (Figures 
3.56 and 3.57) suggesting that high temperature Mg-rich basinal saddle dolomite-
precipitating fluids could have exploited open stylolites as flow paths. Replacement 
dolomites were also observed in fractures (Figure 3.82) indicating that these dolomite-
precipitating diagenetic fluids also exploited fractures as paths and occluded porosity 
therein. Dolomitization was seen to create secondary micro-intercrystal and intracrystal 
porosity in places (Figure 3.8). This was, however, not wide spread. 
Pressure-solution was seen to be most intense at depths below 16,973 ft (5170 m). 
Horizontal (Figures 3.61 and 3.62) and non-horizontal (Figures 3.59 and 3.60) stylolites 
were observed to be associated with pore-occluding euhedral dolomite (Figures 3.54, 
3.59 and 3.60), tension gashes and unloading fractures (Nelson, 1985) (Figures 3.58 and 
3.59) as well as with late diagenetic calcite that resulted from grains going into solution at 
the highly stressed pressure-solution surfaces. Tension gashes form parallel to the paleo-
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maximum stress direction while unloading fractures form perpendicular to the paleo-
maximum stress direction and parallel to the stylolite seam (Nelson, 1985). The late 
diagenetic calcite reprecipitated (Bathurst 1975) to fill the tension gashes, unloading 
fractures and pore spaces adjacent to the stylolites (Figure 3.61) where stress levels were 
relatively less. Pyrite was observed to occur in the bituminous residue (Ahr 2008) of a 
non-horizontal stylolite seam (Figures 3.50. 3.51 and 3.52) and is thought to have formed 
from the concentration of organic matter in the insoluble bituminous residue in the 
stylolite seam. MVT pyrite and sphalerite replacement also occluded porosity within the 
reservoir rock matrix (Figures 3.5, 3.21, 3.67, 3.70 and 3.71). 
Late in the diagenetic history of the Sligo Formation, a later fracturing event 
(fracturing event # 2) which created fractures that were observed in places to crosscut 
horizontal stylolites (Figure 3.62) suggesting its later occurrence, resulted in open 
fractures (Figures 3.13, 3.43 and 3.62). These fractures, which may be associated with 
restricted areas of varying compaction (Ahr 2008) in the Sligo Formation shelf edge reef, 
were all open, ranged from  1 - 2 µm across (Figure 3.43); but were, however, not 
prevalent. An earlier generation of fractures thought to have resulted from an earlier 
fracturing event (fracturing event # 1) was observed to be filled with mostly non-ferroan 
calcite and replacement dolomites (Figures 3.17, 3.19 and 3.20). These earlier generation 
fractures ranged from 10 – 600 µm across and were mostly partially or completely filled 
with cement. Calcite crystals with well developed twin lamellae (Figures 3.12 and 3.22) 
show evidence of the porosity occluding role of compaction in the Sligo Formation. Twin 
lamellae in the stressed calcite crystals resulted from burial (Scholle and Ulmer-Scholle, 
2003) and compaction-related overburden pressure. Figure 3.23 shows compacted 
allochems encased by mostly small (< 1 mm) non-ferroan phreatic calcite suggesting that 
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compaction began early in the diagenetic history of the Sligo Formation relative to the 
precipitation of small meteoric phreatic calcite cements. 
Stable isotopic analyses suggest that the main pore-occluding diagenetic 
environment was meteoric. The term meteoric as used extensively in the literature, 
actually refers to fluids that are surface-derived and have interacted with soil, rocks e.t.c. 
and have been influenced by differing physiochemical conditions in the diagenetic 
environments they encountered as they as they percolate down through the bedrock. 
These waters thus no longer have the same chemical compositions and stable isotope 
signatures as waters on the surface that are in equilibrium with the atmosphere and are 
truly meteoric. The term meteoric used here, refers to surface-derived fluids.  
Most of the cements sampled have relatively low δ18O (-3.1‰ to -6.7 ‰ V- PDB) 
values that suggest a meteoric-influenced pore-modification diagenetic environment. 
White outer pore-filling cement I (WOPFC I) (see Figure 3.76) is seen to have marine 
isotopic signatures (– 1.9‰ δ18O and + 3.9‰ δ13C) (see Figure 3.82) when compared to 
the range of isotopic signatures for marine cements (James and Choquette, 1983) and the 
original marine carbonate composition estimate of – 2.0‰ δ18O and + 4‰ δ13C for the 
Lower Cretaceous (Moldovanyi and Lohmann, 1984). These pore-occluding cements 
(WOPFC I&II) are observed to fill the outer sections pores, while the transparent inner 
pore-filling cements (TIPFC I&II) fill the inner portions of those pores (see Figure 3.76). 
These outer pore-filling calcites (WOPFC I&II) are interpreted here, to predate the 
precipitation of the transparent inner pore-filling cements (TIPFC I&II) with isotope 
values that range from   -3.9‰ to -4.4‰ δ18O and 2.6‰ to 2.7‰ δ13C, which fall in the 
range of the first generation stage 1 clear equant calcite cements (-3.2‰ to -4.8‰ δ18O  
and +0.5‰ to +3.2‰ δ13C) described by Moldovanyi and Lohmann (1984) to be the 
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earliest cements in the Sligo Formation. The majority of the cements sampled in this 
study fall in the range of these stage I cements (see Figure 4.3). Moldovanyi and 
Lohmann went further to distinguish stage 2 and 3 cements. The isotopic values of 
cements in these ranges are very comparable to cements sampled in this study as shown 
in Figures 4.2 and 4.3. The wide range in oxygen isotope values of the carbonate cements 
sampled in this study, like Moldovanyi and Lohmann (1984) documented, confirms the 
evolution of the meteoric phreatic diagenetic environment-influenced cement-
precipitating fluids through time. Decrease in δ18O values with increasing depth in pairs 
of sampled carbonate cements from core I and core II was observed (Figure 3.86) in 
transparent inner pore-filling cements (TIPFC I&II), large fracture-filling white cements 
(LFFWC I&II) and white outer pore-filling cements (WOPFC I&II) showing the 
variability of oxygen isotopic signatures with temperature (Friedman and O’Niel, 1977), 
which generally increases with burial depth. A fourth pair of fracture filling cements with 
residual bitumen inclusions locally- large fracture-filling foggy cement (LFFFC I&II), 
sampled from core I and core II respectively defied the observed trend of cements 
sampled from core II, by having higher oxygen isotopic signatures than its pair from 
shallower depths in core I (Figure 3.86).  
Although the Sligo Formation (Aptian-Albian) in the cored interval studied is 
observed to have lower average porosity with increasing depth and to have experienced 
several stages of pore-occluding meteoric environment-influenced cementation, Lower 
Cretaceous facies including the Sligo not only have significant potential to host 
commercial quantities of hydrocarbon but also remain the most productive reservoir 




Figure 4.2 Cross plot of oxygen and carbon isotopic values of equant cements in the 
Sligo Formation (modified after Moldovanyi and Lohmann, 1984). 
Note: Ranges of stages 1, 2 and 3 equant calcite cements are shown. Stage 1 was 
interpreted as first generation cement while stage 3 is the most recent cement. 
 
 
Figure 4.3 Cross plot of δ13C (V-PDB) against δ18O (V-PDB) of sampled carbonate 
cements showing ranges of stages 1, 2 and 3 cements identified by 
Moldovanyi and Lohmann, 1984. 
Note: Blue dotted demarcated area shows range of marine cements (James and 





The Sligo Formation (Lower Cretaceous Aptian-Albian) experienced several pre-, 
syn- and post-depositional events that resulted in porosity evolution and occlusion. 
Diagenetic intercrystalline, intracrystalline, and moldic microporosity were observed 
especially in the upper core (14,940 ft – 15,015 ft) of the McElroy-1 well. Non-ferroan 
phreatic calcite incompletely filled fractures and pores resulting in secondary porosity in 
places. Dissolution, dolomitization and a later fracturing event (fracturing event # 2) also 
resulted in the development of porosity in the Sligo Formation. In general, the processes 
that developed late porosity in the core interval studied were far from pervasive. 
Porosity loss increased with increasing depth in the McEroy-1 well. Pore 
occluding processes were widespread relative to pore creating processes, which resulted 
in net loss of porosity. The main pore-modifying event was cementation and the main 
pore-modifying diagenetic environment was meteoric. Non-ferroan phreatic calcite and 
replacement dolomites were observed to jointly contribute to more than 10% of primary 
porosity loss and to completely occlude porosity in early fractures throughout diagenesis. 
Evidence of faults and large fractures serving as conduits for reservoir fluids was not 
conclusive and can be the subject of further research. Fine quartz and calcite cements 
negatively impacted porosity in micropores and microfractures thorough out diagenesis. 
Pressure-solution significantly contributed to loss of porosity and permeability especially 
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A.1 Thin section Analyses 
Table A.1 Thin Sections samples and depths 
THIN SECTION SAMPLE NUMBER DEPTH (feet) 
TS 1 14,943.2 
TS 2 14,947.4 
TS 3 14,948.6 
TS 4 14,953.2 
TS 5 14,955.7 
TS 6 14,958.3 
TS 7 14,965.2 
TS 8 14,968.7 
TS 9 14,974.3 
TS 10 14,977.9 
TS 11 14,983.8 
TS 12 14,988.6 
TS 13 14,992.2 
TS 14 14,995.2 
TS 15 15,006.1 
TS 16 15,011.8 
TS 17 16,952.4 
TS 18 16,957.2 
TS 19 16,963.5 
TS 20 16,970.4 
TS 21 16,976.3 
TS 22 16,982.1 
TS 23 16,987.8 
TS 24 16,989.8 
TS 25 16,992.9 
TS 26 16,994.8 
TS 27 17,001.2 
TS 28 17,002.1 
TS 29 17,004.0 
TS 30 16,957.4 
 
 
